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(57) Abstract: The invention describes a method 
for identifying the level of various proteins in a cells 
or tissue and also comparing the levels of the same 
protein in two different iis.sucs which wc have termed 
as Antibody Microarray Proteomics Technology (AMP 
Technology). Proteins thai are differentially expressed 
between a normal and disca.sc ti.s.suc could be involved 
in the disease pntccss and hereby makes it a poncntial 
drug or diagnostic target. AMP technology makes use 
of the method of phage display selection or similar 
combinatorial antibody selection techniques to select 
antibcxlies to a given protein. Antibodies to all of 
most proteins present in the diseased and normal tis.sue 
arc produced in an appropriate animal (mice) and 
mRNA encoding antibodies arc isolated, cloned into 
filamentous phage (or bacteria or yeast) vectors such 
that the antibodies arc expressed as a fusion with the 
phage filaments. Phajic clones that express antibodies 
to difTcreni proteins in a tissue arc micruarraycd on a 
glass slide coated with polystyrene using an automated 
array spotter. Proteins from both (he disease and normal 
tissues arc extracted, conjugaied with a flourescent label 
and incubated on two .scpcraic but identical arrays. Once 
the proteins arc bounded to the antibodies on the array, 
they are washed and .scanned using a nourcsccni scanner, 
which will quantitatively determine the level of each 
protein present in the cell. 
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1 I A METHOD FOR IDENTIFYING THE PROTEOME OF CELLS USING 

AN ANTTBQPV T.TR RARY MICROARRAY 

RELATED CASES 



10 



This q^plication claims priority to Patent Application Serial Number 60/247312 
filed on 9 November, 2000, which is incoiporated herein by reference in its entirety. 
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FIELD OF THE INVENTION 
The present invention is related to a meAod for using phage display immunoselection 
or similar techniques in order to use combinatorially selected antibody or antibody fiagments 



20 



against cellular proteins so as to allow one to quantitatively and qualitatively determine the 



level of known 



:il(tBlkti:«|T« 



wn proteins in a cell or tissue by arraying a sufBciently large 



25 



30 



number of such antibodies to aUow maximinn representation of antibodies against die cellular 
proteins and cq>turing flie cellular proteins fiom the cells or tissues of interest The method 
allows one to conq^aie the levels of a known or unknown protein between a normal and a 
disease tissue or a cell as well as allow to determine die level of various known and unknown 



35 



proteins m a cell or tissue. 



BACKGROUND 



40 



Proteomics is the study of die proteome (all die proteins produced from all die genes 



of a genome). Proteomics is an emerging field in biomedical research and is believed by 
45 I many to become the new century's superhighway to biomedical knowledge. Proteins cany 



out most functions of die human body. When levels of certain crucial proteins are altered or 
50 j when tiiey are mutated or when flieir interaction widi other protems is disrupted, it often leads 
to disease. Understandii^ such changes in protein levels and function is crucial for proper 
55 I understanding of die disease process, which in turn will spur the development of a host of 
new drugs and diagnostics to effectively manage diese diseases. Proteomics deals widi 
nstanding the role of proteins in health and disease. AJready a dramatic shift in the 
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en^)hasis from DNA and mRNA (which codes for protBins) sequencing (exemplified by the 
sevezal genomic conqiaiues) to Ae stucty of proteins involved in diseases is becoming 
evident It is dawning on govennnent-fimded laboratories and drug companies ttiat mass 
sequencing of genomic DNA and spotting cDNA onto chips may not lead to the promised 
land. 

Limitations of genome-based drug target identification techniques: 

The genomic revolution will undoubtedly generate massive amount of important 
information on tiie genes. However, a fa greater challenge is to determine the fiinction of 



20 ^i^fSx of these genes and ikast role in Ae etiology and progression of human diseases. Only 
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ttnough such knowledge can the vast amount of genomic information gathered can be put to 
practical use. Much of tte decq>hering of the genomic infomnation will come fiom fte 



imoBistanding of flie function of tiie proteins encoded by these genes and flie field of 
proteomics will play a very major role in this process. 



The genomic 



gies despite flieir hi^ profile, have major shortcomings. 



They do not take into account: 

• pre-translational events (mRNAs coding for various proteins 



cut and spliced to 



which leads to ^ir translation into variants such {iroteins with different fimctions), 

• translational efficiency (the number of protein molecules fliat can be made fiom one copy 
mRNA, which varies widely fiom mRNA to mRNA) and 

• Post-translational modifications (most often it is not the level of proteins, but 
modifications like posphorylation that modulate the fimction of proteins). 

• There are no drugs that are mRNAs and diere are only a handfizl of drug targets fiiat are 
mRNAs, but proteins are and it is essential to understand die role of proteins in ^fg^g^ 
to develop new drugs and diagnostics. 
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Knowledge about the role of various proteins in diseases (like the role of MEM in 
prostate mccr) wiD be invaluable to major drug and diagnostic conqianies and they are 
investing heavily for obtaining the commercial rights to develop products based on such 
targets. Most e^ierts in die filed believe that unraveling flie con^ilex proteome of the cell will 
10 j XBVohitionize die biomedical field and lead to the discoveiy of a new generation of drugs and 
diagnostics. 

IS I Current techniques of proteome analvsis and Aeir limitiitiftnie' 

PtotBomics technology is still in die process of being defined. Currently there are a 
20 I dozen conq>anies and several academic institutions involved in preotomic research. 

A promising technology that is being developed by Phylos (Cambridge, MA) uses a 
25 I new technology called. mRNA display, ^ch uses covalent fusion between an mRNA 
present in a cell and die protem encoded by such mRNA. The conqilex can then be separated 
30 onaDNAchip. The technique lefies on isolatmg mRNA fiom tissues in die state in wUcA 



IS 



present m a functioning cdl followed translatmg it m-vitro widiout any alteration in the level 
35 I of mRNA due to degradation, a tall order due to die rapid breakdown of mRNA in cell 
extracts. Even if diis hurdle can be overcome, the translational efficiency of mRNA within a 
^ I cell m^ be significandy different from an in-vitro system, thus skewing the results. The 
technology has several other technical hurdles to overcome. Another company called 
^5 Ciperagen (San Diego, CA) ma n uf a c tures small chips, which is coated with media that can 
sqwate proteins. Separated proteins can dien be analyzed by MALDI-TOF. However, it is 
50 to isolate proteins from such media for fiather characterization. Otiier companies 

like DYAX and Cambridge Antibody Technology are attempting to generate antibodies 
against proteins diat are identified by the genome sequencing effort (cuirendy protein 
sequence encoded by 30,000 of die more dian 100000 genes are known) and using such 
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antibodies to separate proteins. These technologies don't take into account many of the 
modifications diat are crucial in detennining die role of proteins in diseases. 

To achieve die ft-stated goal of proteomic analysis requires that one be able to 
sqpaiate aU die proteins present in die cell, identify diem, and analyze the state of dieir post- 
translational modifications. "Global proteomics" of this sott is often likened to the use of 
axtay technology to scan genes for mutatitms or to sample mKNA population of a cell. It is 



to^KKtant to note diat fliis is a fittile conqmison 



iteomics is considerably more 



plicated tfian fonctioDal genomics. The latter techniques do not require separation of the 



mSNA population into its individual components. However, one must keep in 



Mill « 



Oat 



because of alteniate splicing and post-translational modifications, there are ftr more protein 
moieties in die cell dian there are genes. Thus, true global proteomics may require techniques 
that can resolve as many (or more than) twenty thousand proteins - certainly at least ten 



IfaOUi 



.^:ilU^3il«jli 



any given cell or tissue type and identify these proteins successfully in flie 



&ce of a likely 100,000-fold variation in levels of abundance. 

Currently, in academic and industrial settings, centers for proteomics almost 
invariably follow die same model: use of a two-dimensional (2D) gel electrophoretic analysis 
to separate prot e ins and protein mass fingerprinting by mass spectrometry or chemical 
sequencing of peptide fiagments in order to identify die proteins present in the spots on Hie 



gels. 



The main limitation of diis technique is diat the gels rarely resolve more than 1 



III 



2500 proteins present in a cell while there are 15000-20000 or more different protein species 
present in any given cell. FurAeimore die major proteins present in a cell that have less role 
in disease process (structural proteins) tend to mask the less-abundant proteins that have &r 
more crucial role in diseases. Despite the fact diat even the best protein microchemisty 



facilities can identify, under the most favorable circumstances, peihaps 10-20 proteins a day. 
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flie maniage of these techniques has often been tenned as •Tiigh flnouglqjut proteomics". It 



IS 



indeed very difficult to automate fte ZD-gel technique and it is inherently a slow process. 

In order to identify proteins involved in disease, ttie proteins from nonnal and disease 
tissue are extracted and separated on 2D gels, stamed with a suitable dye and visualized. 
10 I Proteins whose abundance varies significantly between the nonnal and disease tissue are 
targeted £9r further study. The protein spots are manually cut out from the gel (a slow and 
IS I tedious process), tiie proteins eluted fiom the gel, and the identity of these proteins 
determined by pq^tide fingerprinting using MALDI-TOF (Matrix Assisted Laser Desorption 
20 I Time of Fli^t) nuiss spectrometry or by chemical sequencing. Attempts at using MALDI- 
TOF spectrometry to determine the sequence wiOiout ehitirig the proteins fiom the gel are 
25 und^way, but not yet perfected. 



30 



Requirements for true high diroughput proteomics: 

Reaching flie stated goal of high tt]roug]q>ut '^globaT proteomics will therefore 



significant new technologies for 



35 I • efficient and rapid sqiaration of all p rote i ns present in a cell or tissue 

• identification of even minor proteins present in a cell, y^Adch may be 100,000-fold less 
40 I than ttie most abundant protein 

• techniques to identify fiie separated proteins in the separation media or techniques that 
45 I can rapidly identify tiie proteins outside the media 



• automation of the process 



SO 



SUMMARY OF THE INVENTION 



Disclosed is a me&od and composition for the study of the proteome of a cell or 
55 j tissue. The mvention called higj>-throughput ""Antibody Microarray Proteomic Technology** 
(AMP technology) would overcome many of the inherent deficiencies associated with the 
current proteomics methods. The key to the technology is the ability to rapidly develop a 
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Ubiaiy of mon clonal antibodies directed against most of the proteins present in a cell. The 
antibodies are tiien axxayed n a micToarray slide and the various proteins present in disease 
and normal tissues are lapidfy separated on the microarray. Proteins whose levels are 
significantly altered or proteins that are modified in a disease tissue could be potential diug 
taigets. The partial sequence of these proteins can flien be easily detennined using cuirently 
available mass spectrometric techniques (MALDI-TOF) and automated chemical sequencing. 
Such proteins can be fiatfaer purified in laiger quantities relatively easily using the same 
antibody. Proteins of interest axe finther analyzed in detail for their role in disease process. 
The technology would be significant inq>rovement over cunently used proteomic techniques 
for die identification of potential protein drag tazgets. Furthermore, the same antibocfy that 
was used for flie identification of ttie potential target can be used for further validation of the 
target in cell culture and animal models thereby expediting the process of drug discovery and 
saviqg time and resources. Even intracellular protems can be studied by cloning the cDNA 
encoding die antibody into each cell to produce specific knockouts, a tremendous advantage 
over ottier techniques. The key aspects of this proprietary technology are outlined in figure 

Specifically disclosed are methods for production of antibodies against most proteins 
including many proteins present in smaller amount antibodies in animals, preventing the 
dominance of certain major epitopes over minor ones. The invention fiir&er disci ses 
diq>laying ttie antibody fiagments on a filamentous phage foUowed by selecting &e phage 
expressing die antibodies against the proteins and axra3ring phage clones displaying individual 
antibodies against each protein on a glass slide and using such microarry to c^ture proteins 
in a cell or tissue ttiat are prelabeled with a detection tag like flourescein and monitoriiig the 
level of binding of the protein to each antibody on 1bc array using a fluorescent scanner. In 
the preferred embodiment, one would array a very large number of antibodies or phage 
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displaying antibodies on the slide (usually exceeding 0.5 nuUion) in such a way that there 
maximal representation on tiie airay of the various antibodies against different proteins. 

Also disclosed is the use of such antibody microanays to determine the level of 
various known and unknown proteins that are present in diseased and normal cells. By using 
10 I id™tical arrays to cqjture proteins present in a disease and norm^^ 

the level of each protein that is present in each of the tissue by determining the amount of 
15 I fluorescent-labeled protem bound to the antibody. Idendfication of the levels of each pmtein 
would aUow one to detennine the potential role of each protein in the disease process. Such 

20 I Proteim could be potential targets for therapeutic intervention or could potential 
markers for diagnosis of diseases. 

25 I Proteins of interest 0>n>teins ttiat are differentially expressed between disease and 

normal tissue) are purified in larger amount by immunoafBnity chromatography using the 
3Q I same antibody 

The invention has several advantages over some of the current technology, which uses 
35 I two-dimensional gel electrophoresis as desoibed below. 

• the techrrology allows rapid (high throughput) ana^rsis of Aousands of proteins present in 
4Q I a tissue simultaneously 
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• The arrqdng and screening can be automated, allowing diousands of samples to be 
analyzed each day 

• Antibodies against proteins present in a tissue are produced simuhaneously using 
techniques developed in our laboratory 

• Unlike 2-D gel separation techniques (which aUows separation of onfy 5-10% of die 
proteins in a tissue), AMP technology allows the separation of almost all die proteins 
present in a tissue 



• No messy catting out gel pieces or cluiion j&om gel, a tedious and inefficient process 
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• 2-D gel based pioteomic techniques lequiie fte fragmentation of proteins prior to dieir 
elution from gel. Hence using 2-D gel techniques one cannot usually obtain intact 
proteins, but only fragments but AMP technology allows the isolation of fril]-length 



mahlmg more precise chaiacterization of fte proteiiL 



• The tBcfaoiqne should aUow the detection of even proteins that are expressed in very small 
amounts 

• The technique allows the detection of even many proteins tiiat are post-tianslationally 
modified, particularly when Aey are phosphoiylated or sulfoted, key modifications &at 
aher protein function 

■ 

• The same antitxkly in the array that was used fiir the cf^ture of flie protein can be used for 



HI IK 



lediate larger scale purification of fbc protein Jyy antibody afiSnity chromatography for 



further characterization. 



• AnoAer vety inq>ortBnt feature of AMP technology is ftat once a diJ 



ially-expressed 



protein target has been identified, flie same monoclonal antibody that was used in for 
identification (and isolation) of the protein target can be used for fiirflier easy validation 
of many target proteins (snnilar to how NEM antibody was used to identify the role of 
NEM in cancer) 

• If ttie target were intracellular, then the cDNA encodmg fte antibody, which can be easily 
isolated fiom the phage using simple PGR techniques, would be cloned into immor t a lized 
cells firom the disease tissue. The intracellulaiy-expressed antibodies can be used as 
molecular knockouts of target proteins thereby helping to further underatand the role f 
fliese proteins in die disease process. This will considerably accelerate down stream target 
validation, a major advantage over contemporary methods. 



8 



wo 02/39120 



PCT/USO 1 746753 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 describes a schematic of flie entire process of Antibody Microairay 
5 I ProtBomics Technology 

DETAILED DESCRIPTION OF THE INVENTION 



10 I A mefiiod o£ and composition ibr, generating antibodies against many or aU proteins 

present in a ceU using combinatorial antibody selection in mice or other ftTimmU is described. 
15 I Also described is tiie use of such a library of antibodies arrayed on a microarrqr slide and use 
of such microarray to sqiarate fluorescent-tagged proteins that are present in a cell. The 
20 fluorescent-tagged proteins are dien captured by ttie antibodies, on the microarray and 



quantitated by measuring the level of fluorescence bound to each spot on flie array using a 
25 I fluorescent scanner. 



Extraction of proteins from cells: 



•t«)ii 



30 I A variety of published methods are available for extracting intact proteins fi _ 

biological materials like cells, tissues or palfaogens like bacteria or fungi or plant materials. If 
33 I die biological material is maimnalian cells, die cells are generally disrupted using, a Dounce 
homogenizer or a Potter-Elvejhem motor driven homogenizer in a buffer containiiig ^yot^qjr 
40 I sohttion at near neutral pH and detergents like Chaps, Triton X-100, NP 40 or otf&er 
detergents which are usually non-ionic, but may be anionic or cationic. Generally such 
^3 I extraction buffers should contain protease inhibitors like phenyl mediyl sulfonyl fluoride r 
pqitides like leiq>eptin or aprotinin. Furtfaemiore, the biological material should be as flesh as 
5Q I possible or should be fleshly frozen to prevent degradation of proteins. If one does not intend 
to extract membrane proteins, it is not necessary to use detergents. After die extraction, die 
I debris is separated by centrifugation and die supernatant is used for furdier steps. If diere is a 
layer of fet (as wifli liver tissues) that is also removed. Another agent that dissolved proteins 
effecdvely is 0.1 N NaOH, which can be neutralized easily with an acid like trichloroacetic 



9 
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acid or dichloroacetic or Tris base acid after extraction. This will obviate the need to 



use 



detergents. Often it is advisable to remove the detergents before they are used to prevent 
micelles trapping multiple proteins within ftem. For example, one could precipitate the 
extracted proteins with tricholoroacetic acid, washed several times with the same acid, and 
Ae precipitBte washed with the same acid and flien dissolved in 0.1 N NaOH and the solution 
neutralized with a buffer like Tris base. Alternatively certain commercially available orgaiuc 
solvents can be sued remove detergents. However, one has to be careful to add back any 



small peptides tiiat are not precq>itatBd witii acid. Several oflier 



mediods have been 



used to extract proteins and tiie above methods are only some commonly used examples. 



Often disnqption widi an 



sound (sonicator) also helps to break up the membranes 
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and other organelles and release proteins. This mefiiod increases die efficiency of 
solubilization by detergents or other agents. 

Even in the absence of detergents some proteins tend to bind or stick to one anodier 
proteins dnou^ Van Der Waals forces or hydrogen bonds or ionic bonds or other types of 
hydrophobic or hydrophobic or bydrpphilic interactions. Many hydrophobic interactions can 



be disrupted by mild chaotropic agents like KSCN while hydrophilic or ionic interactions can 



often be di 



by sah. Covalent disulfide bonds can be broken by treatment with beta- 



mercaptoedianol. 



However, if one needs to achieve complete separation of proteins, one can treat the 
protein mixture wiA a mild protease like stromolysin, chymotypsin, cafliqssin D etc. This 



will release hydrophilic peptides, which does not stick to each other in mild salt solutions 
(0«15 M NaCl). The hydrophobic pqitides that may clump (only some peptides will tend to 
clunqi) can be removed t>y centrifugation or hydrophobic chromatography on a C-3 or C-4 
oofamm or phenyl Sepharose chromatography or sometimes even by uhracentrifiigation. 



10 
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Subjecting co2iq)lexes to ultrasonic sound (sonicator) also helps to break up potential 



5 I Source of proteins may include human tissues or cells, otiier animal tissues, pathogens 

like bactoia, fungi, parasites like malarial parasite, or plants depending on the proteome one 
10 I wants to stud^. 

Immunization of host: 

15 I Different types of animals can be used for inmumization witti the proteins. Although 

die preferred animal is the Balb C mouse, odier animals like rabbits, rat, or larger anhnals can 



20 I be used. Prior to iimnunizing ttie animals, the biological material is homogenized very finely 
with ei&er a Poliytron hompgenizer or a motor driven homogenizer in buffer or mild 



25 I solublizing agents Oat are not toxic to the animals. The extract can be directly injected into 

die animals without fiirther sq>aration. 
30 I However, in <mier to obtain the best results, one should remove the major structural 

' proteins fbat are present m the cell like histones, ribosomal protems, albumin, certain 
35 I cytoskeletal protehas etc. Such proteins make up more ftan 90% of tiie protein mass of tiie 
cells. Tbey can be easily removed by immunoafBnity chromatography using a mixed 
^ I immunoafibuty resirL Such an immunoaffuiity resin will have antibodies against the 
structural proteins coupled to it The protein mixture prior to immunization can be removed 
45 I ^ ^ii^ci^ them to the antibodies immobilized on the resin. Ihe protein that does not bind to 
die resin (non-structural proteins) can be then used for immunization of mice. Several 
metnods of immobilizing antibodies to various matrices like Sepharose, Sephacryl etc., have 
been described many authors. Antibodies to most major structural proteins are 
lercially available. 

To further improve the chances of generating antibody against even minor proteins, 
one should extract the proteins using one of the methods described above. It is not always 
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necessaiy to completely break up aggregates since 1bey will be proteolytically degraded by 
the mouse. 

Prior to immunization, it is useful, but not always necessaiy to separate die proteins 
into nsnhiple ftactions (5-50). Each fraction can then be injected into a separate mouse; This 
will allow one to decrease the number of diverse proteins that are injected into each flnitnal 
and win increase Ae chance fbaX there is adequate representation of even minor proteins in 
sufficient amounts injected into each animal. This also will allow larger amount of such 
inor or poorly antigenic proteins to be injected into each animaL The fractionation of the 
extracted proteins into various fractions can be performed using chromatographic techniques. 
These techniques include, but are not limited to ion exchange chromatography on an anion or 
cation exchange resin, gel filtration, electrophoresis, electzofbcussing, hydrophobic 



atography or odier protein separation techniques. Several miefliods of separating 



proteins into fractions are published. The separated proteins are collected in fractions and 
each firaction is separately injected into different animals. 

Preferred routes of injection include injection into tiie popoteal lymph nodes or 
subcutaneous irrjection. It is necessary to use an adjuvant like RIBI irmnunogen or similar 
products to enhance the inunune response. Booster doses of the protein are iigected after one 
and two-week interval and die animals sacrificed after 30 days or more, die ^leen of the 
animals are removed, and mRNA extracted as described above. If the protein mixture were 
injected in multiple mice, dien the mRNA fractions are pooled before further processing. The 
variable chain of the antibody chains (Vh and Lh) encoding die immunoglobulins is amplified 
using IgG specific primers using PGR techniques. The PGR amplified fragments are cloned 
into die phage vector using standard recombinant DNA techniques. 
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1 I Alternatively, one could immunize mouse or other transgenic animals that cany genes 

ttiat oqjress human antibodies. This will generate human antibodies, the cDNA of which can 



5 I then be cloned into appr o pr iate vectors. 
Qoning of antibody cDNA iuto vector 
10 I One can foDow several methods for cloning the antibody cDNA into various vectors. 

A common me&od of displaying antibodies is by cloning tiie cDNA encoding the antibodies 
15 j into die gene encoding die filament of filamentous phages (Mc Caflferty et al 1990; Barbas, 
et al , 1991). In general antibodies or die fragments ^f antibodies (variable regions) have been 
20 I fesed Id die N-tennmus of die minor coat protein pIU of die phage or to the C-terminal 



domain of pIH and displayed as Fab fragments ^oogerboom, et al, 1991) or as single chain 
25 I Fv (scFv) fragments (Mc Caflferty. et al, 1990) in which die CH and VL domains are linked 



by a flexible polypeptide (Bnd et aL, 1988; Huston et al, 1988). Widi Fab fragments, ne 
30 I chain is fiised to the phage and the odier secreted into die cytoplasm. Alternate hosts like 
bacteria or other unicellular organisms can also be used for displaying antibody or fragments 
35 I of antibody. Protease sensitive sites can be engineered at bofli termini of die antibody or 
fiised Vh and Lh fi^gments so that diey can be released as fimctional antigen binding 
4Q I sequences by treating with die appropriate proteases, which can dien be separated, from the 
phage or bacterial host 



45 



For cloning the antibody fragments in the appropriate vector, the total mRNA from 



die spleen or odier source of lymphocytes or spleen of the immunized animal (or human bone 
50 I tnanow) is extracted taking care to prevent degradation using standard mediods of mRNA 
isolation. Repertoires of antibocfy fragments are first generated by PGR from rearranged V 
5^ I genes (Orlandi et al., 1989; Ward et al.l989; Husc et al, 1989; Clackson et al 1991). Once 
could also use die peripheral blood lymphocytes or bone marrow (preferred) from humans, if 
one intends to generate an antibody array of antibodies isolated from humans (Williamson et 
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al, 1993; Burioni et al, 1994). The latter technique is particularly useful for studying 



autoi 



ity as well as pathogenic infection in human subjects. 



A variety of vectors can be used for expressing antibodies on phage filaments. These 



include phage vectois, which encode ttie pin iiision and all functions xequiied for leplication, 
packaging, and infection of bacteria, phagemid vectors, which lequire rescue witfi a helper 
phage. The latter vectors comprise &e pin fusion, plasmid, and phage origins of replication 



and antibiotic resistance maikers. Other vectors. 



tiie sntSboiy to ofter phage proteins. 



as protein Vm, more represented in die phage structure, could also be used for a full 
exploitation of the procedure. Hie helper phage provides ttie o&er functions for single* 
stranded replication and packaging. Hel^>er phages are veiy poorly packaged in conqyetition 
vn&i phagemids due to defective origin. 
Amplificatiofn of library: 

Hie bacterial strains TG1[K12, D(la&-pro), supE, Ihi, hsdD5/F*traD36, proA+B+, 
lad, lacZDMlS] are typically used for propagation of phage particles and HB21521 
nonsupressor strain (K12, aia, D(lac-pro), thi/F' proA+B+, lac^'ZDMlS) for expression f 
antibody fragments. If a phagemid is used for cloning die antibody fiagments, a heiper phage 
like VCS M13 (Stratagene) and M13 K07 (Pharmacia) can be used to rescue the phage 
displaying the antibody firagments as described by the manufecturer. 

The phage library in the appropri ate bacterial host is grown and harvested in log phase 
(0.6 OD). The phage particles are isolated by standard methods (Harrison, et al 1983). 

Ihe antibody cDNA that are represented in the Hbrary at this point will have all the 



kill • 



ies expressed by ttie host and not merely the antibody to ttie antigens that were 



injected. Furfliermore, the majority of combination of heavy and light chains will not 
generate fully functional Fabs^Hence the phage expressing the antibody to the injected 



targeted antigens are selected by panning against the <uime proteins that were injected. The 
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1 antigens are usually inunobilized on a polystyrene or similar support The stringency of 
selection can be increased by reducing lbs density of coating f tiie antigen to the solid 
sinftces or by increasing the time of washing or flie concentration of detergents. To avoid 
nonspecific binding of phage to the p lystyrene or o&er sur&ce, milk proteins or oflicr 



10 



IS 



20 



commercially available blocking agents are used. Usually die proteins are suspended in PBS 
containing low concentration of detergent (0.1% Tween 20 or NP 40). The antigens that are 
ibilized are the same as diat the ones diat were injected into the host Immobilization is 



■ until 



osualty adiieved by dvemi^t incubation of the antigens witti ttie support (immunotube) 
overnight and unbound proteins xenooved by washing widi PBS. 
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The phage particles (lO^^-lO" tu) axe bound to the inunobilized protein in ttie 
hnnnmotobe, by incubating them in lbs immunotube for 30 mfnntep and washed a few times 



witfi PBS containing 0.1% Tween and with PBS alone and Ike phage Oie bound phage is 
eluted usually with 100 mM triediyfanaine and immediately neutralized with Tris-HClpH 7.4. 

Hie ehited phage is used dixecOy for plating on agar plates. However, if the too many 
phage particles expressing irrelevant antibody fragments or no antibody fragments at all axe 



present, one or two more cycles of panning are performed. This is done by infecting bacteria 



with die eluted phage. 



ttie library and (after helper phage infection) the phage 



harvested. The harvested phage is again panned against the immunotube with the bound 
antigens, washed and the bound phage eluted. More dian three cycles of panning is not 
advised since it reduces flie rqnesentation of antibodies diat are present in the hliraxy. 

One major difference of the present technique from routine techniques diat are used 
frir isolating antibodies displayed on phage or bacteria is tint fewer cycles of selection axe 
enoployed. Generally fliey are limited to one or two cycles. This increases the representation 
of ttte antibodies against minor proteins or poorly antigenic proteins. 
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pmnetitive deselection f hmnunodominat epitopes: 



This technique is critical for tiie increased lepxesentation f antibodies against less 
zepiesented antigenic detenninants. It also increases the efBciently of antibodies of rare 
ies. The inclusion of the tedmique allows far fewer antibodies to be arrayed on the 
rray to represent antibodies against most of the antigens. The protocol is a 
modification of a standard panning protocol, except ^t the phage Ubraiy is first preabsoibed 
<m file antigen of interest to remove phage fiiat react with fiie immunodominat epitope. The 
unbound phage are then incubated a second time with the antigen, and then eluted and 
amplified as per normal protocols. However, fiie subtraction of unwanted clones is only 
partial, and should be considerBd as ^^negative enrichmenf^ laflier fiian a con^ilete 
substraction. Althougji su bt racted clones are usually present at fiie end of the panning 
procedure, their frequency is considerably lower and that obtained with an unmodified 
panning procedure. This allows fisr fiie xepresentation of rare clones and does not affect the 
success of the technique. The same technique can also be used if the vector is a bacterium. 
Isolation of phage clones: 

The phage libraiy is used to infiect a bacterial lawn such as to produce well-separated 
phage plaques (Sambrook et al, 1991).afier helper phage infection. Generally 100 or more f 
ISO-mm plates are necessary to generate a libraiy of phage that would display antibodies 
against most of the antigens injected. If die antibody is displayed on a bacterial host having 
an antibiotic resistance gene, fiie bacteria is plated an antibiotic plate and the colonies 
harvested. 

The phage clones are either harvested manually using toothpicks or using an 
automated plaque picker (like GeneTAC from Genomic Solutions, Cambridge, MA). The 
plaques are used to infect bacterial host that are plated in multiwell plates and amplified. 
Aliquots of the phage are harvested, and used for arraying on glass or plastic microanajrs. If 
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1 I tiie antibody is displayed cm bacterial host, the bacterial colonies are grown in multiwell 

plates and aiiquots are removed for azrajring on microaxiays. 
5 I Microarrvine of phage or antibodies or Fab ftagments: 

The phage clones or bacterial clones displaying different antibodies arrayed on a 
10 1 microatray slides similar to flie mictoarry slides manufactured by Molecular 
Dynamics/Amersham Pharmacia Biotedi. Ihe slides are coated with poiystyxene or similar 



IS I materials that can bind proteins. Of particular use is file method used Khrapto^ 

for immobilization of oligonucleotides, which can be modified for protein coupling, or 
20 I Vcrsalmx (Prolinx, Bofliell, WA, USA) slides. The former uses polyaciylamide pads for 



couplixig proteins. The N-terminal or lyshxe amino groiqis can be easily coupled to tiie protein 
25 I using carbodimide or afier converting fiie amino groups into activated NHS ester. 

Alternatively, one can also couple flie phage through its SH groups to acxylamide that has 
30 I been modified to include SH groiq)s. The Versalinx sUdes axe pre-modified wiA 
salicylhroxamic acid. The phage can be easily modified with phenyl boronic acid and a 
35 I conq>lex between the pcOQrlboronic add aiid saUcylhorxanu 

antibody on the glass slide. The technique is described by the manufiurturer and is easy to use 
40 couplmg phage through fte lysine ammo group or ttie sulfliydril groups. Alternatively, fiie 
slides are coated with resins diat inq>art a positive charge to flie slides, which are 
^5 j commercially available. The phage or the bacteria can be arrayed directly on tiiese slides 
usmg an automated slide spotter (Amersham Pharmacia Biotech). Several such automated 
slide plotters are commercially available. 

Alteinativety, ftc antibody can be excised from flie phage or bacteria using 
proteolytic enzyme& like stomob^sm. The phage vectors and bacterial vectors have 
stromolysin or other protease sensitive sites buik into the vector such that the antibody can be 
released by the protease treatment The released antibody can then be purified on mxni- 
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protein A-Sephaiose columns or antibody columns prior to arraying on the slides. The 
antibody can flien be bound to slides that axe coated with protein A. The phage that is treated 
with die protease is then arrayed on die Protein A slide and the remainder phage particles are 
washed off widi a PBS-Tween 20 (0.1%) buffer. Arraying the antibodies as opposed to the 
10 phage or bacteria will reduce non-specific interaction with irrelevant proteins. Alternatively, 

die antibody is excised from die phage and separately purified and arrayed on sUdes. 
15 Yet another mediod for arraying antibody on glass slides is to coat die slides wifli 

protein-A. Protein A binds IgG. The antibody displayed by die phage or bacteria are released 
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by iqipropriate proteases (depending on the protease site engineered into the vector) and the 
mixture can then be directly spotted on die Protein-A coated slides. The antibody win 
specifically bind to die protein A and the all the remaining phage or bacterial proteins can be 
easily washed off widi PBS-Tween. This mediod reduces the conqilexity of the operatioiL 

Yet anodier way to immobilize die antibocfy is to engineer die cDNA that codes for 5- 
6 histidine moieties contiguously widi die amino terminal or the carboxy terminal of die 
antibody or die Fab fragment Stomolysin or similar protease sites are engineered on either 
end of the antibody-histidine tag fusion protein for easy excision of die antibody such diat die 
antibody or Fab fragment will carry the histidine tag. Hie histidine residues can be utilized to 
bind die antibody or Fab to slides that have nickel immobilized on its sur&ce. Published 
procedures for immobilizing nickel to glass slides or odier supports are available. 

Generally 10,000-50,000 separate phage or antibodies can be arrayed on one slide 
without loosing resolution during scanning. Higher densities of plating often reduce 
resolution. 

Replicates of the antibody arrays are made and used for screening. The microarrays 
are stored at A^C until fiirdier use. 
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In order to detect the binding of proteins to die antibody on the anay a detection tag 
5 i needs to be used. The connnonly used detection tags are fluorescent or radioactive tags. 
CyDye, a fluorescent tag manufiu:tur6d by Amersham Pharmacia is a good product for this 
10 I purpose. The tag as activated NHS-esters and readily reacts widi die carboxyl end of proteins. 

Hicy also prevent cross-linking of proteins. Several odier connnercial dyes and activated 
15 j esters of these dyes are available. Anodier method is to radioiodinate die proteins in presence 
of chloramine T. 

20 I Prevention of nrotgin aggregation or non-specific protein-protein interactions: 

It is inqionant diat die proteins remain as individual molecules and diat diey do not 
25 I clump together (except when functionally it exists as dimmers or multimers or are linked to 
each other dnough disulfide bridges or exists are a multimeric protein unit as in the case of 



3Q RNA polymerase). Often many unrelated proteins ctam^ toged 



Ugh either hydrophobic 

or ionic interactions. This will cause multiple proteins to bind to the same antibody. We have 
3 J I devised a novel mediod to overcome this problem. 



If there is significant 



ific clumping of proteins, the proteins are first treated 



I widi a protease diat cleaves die protein infrequently like stromolysin or catiiepsm D. This will 
release large fragments of die protem, which still retain their antigenicity, but are freed f 



^ J j protein-protein interactions. The aggregated fragments of die proteins are removed by eit 

filtration or uhracentrifiigation or by size exclusion chromatography. The free fragments are 
50 I *™ labeled with die tag. Another efficient mediod of limited and specific cleavage f 

proteins is by treating die mixture widi CNBr. 
55 I particular padi is chosen for the preparation of protein samples, then die same 

protease-digested peptides must be used for panning selection of die phage to prevent 
contammation by phage displaying antibodies that recognize only die full-Iengdi protein r 
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1 I protein fragments fliat have been removed. GeneraUy the more hydrophilic fragments tend to 

be free of protein-pxoteizi inteiactions and stay as free molecules. 
5 I Screening: 

In xder to achieve better representation of antibodies against as many proteins as 
10 possible, it is necessaiy to use sufBcient microanays that represent at least 0.5-1 million 



antibodies. Fab fragment or phage. The number of separate antibody or phage requixed could 
15 j be as high as 10 million. It is certain ttiat many antibodies will be rqnesented multq)le times 
on the anay panel, but it is £n: more inq)ortant to have a better representation of antibodies 
20 against diverse proteins and their modified foms. At times, far higher number of 



would be necessaiy to be used to get adequate representation. 
25 I There axe several uses for diese microanays. 

1. Conxparison of tfie level of individual proteins between a noiroal and a HiQ^^g^ 
3Q I tissue: Antibody micxoazxy can be used to identify proteins that axe dxffexentially expressed in 

the noimal and disease tissue. For this particular use, duplicate microanays axe used. One set 
2^ of microarray will be incubated wifli labeled {HOteins from tixe normal tissue or cells and ttie 
duplicate set with labeled proteins from the disease tissue or cdk. Proteins tf^at are 
^ differentially expressed between a normal and disease tissue may be targets for fterapeutic 
intervention or may be markers for the disease, but such inferences would require fiirfiier 
^ J validation of the taigets. 

2. Determination of die level of proteins from single tissue or cells: In fiiis case only 
one set of microaxiy slide is used. 

Overcom ing antiigen overload : Since the arrays are plated with the same amount of antibocfy 

* 

55 I ^ position, it is conceivable that certain proteins ttiat are present in high concentration in 
the cell or tissue may overload the antibody and the results obtained would not be 
representative. There are two solutions to this problem. Either one can increase the 
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1 I concenlzation f antibody that is spotted. Alteniatively, antibodies can be coated at increasing 
radon on separate slides so that saturation of any of die antibody can be easily 



•J » 1*1-* III 



S I monitored. If any protein saturates die antibody, theie will be increased binding of protein to 
die aniibocfy spotted at the higher concentration. 
10 I Protein binding and washing : The labeled proteins are incubated with the antfbody in an 



incubation chamba for 30 min. to 2 hours. The slides are flien washed with PBS containing 
15 I 0.1% Tween 20 or odier detergents and dien scmmed usmg a scanner depending on die label 
used. The entire process can be automated using an automated microarray washer similar to 
20 I one nianu£Eu:tured by Amersham-Pharmacia. 

Scanning: If a fluorescent label is used, die microairays are scanned in a fluorescence 
25 I scanner. If the proteins axe radioidodinated, a gamma ray scanner is used. The intensity of die 



spots IS conq>ared using commercial software similar to die one manu&ctured by Amersh 



30 



Pharmacia and o 



red. 



Anrolificatinn nf CTfmftl' The sensitivity of die signal can be amplified by using standard 



35 amplification techniques. For example* die proteins can be biotinylated using a NHS-bi tin 



ester, slides washed, ttien incubated wiOi streptavidin conjugated to multiple molecules f 



40 



ish peroxidase or alkaline phsophatase, washed, and die slides incubated with the 
substrates for die respective enzymes. Alternatively, die proteins can be conjugated to 



45 I digoxigenin and the pxotein-digoxigenin conjugate detected using an anti-digoxig! 
antibocfy conjugated to alkaline phosphatase or horsecadish peroxidase, 
j Identification of protein: 

Identity of the proteins of mterest can be determined by a variety of methods. In die 
55 1 1"^*^™* embodiment, adequate amount of die proteins of interest is purified from the protein 
extract from the dssue or cells. This can be accomplished by conjugating the antibody against 
the protein of interest to a matrix like Sepharose by published methods to generate an 
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innnunoafSnity colioim, the protein is purified by immimoaffinity chromatograpfay, and the 
identity of the purified protein is detennined Alteniatively, the identity of the antigen 
antibody conjugate fiiat is fixed on the nucroanay itself could be conceivably detennined. 

Identity f the purified or antibody innnobilized protein can be determined by a 
variety of mettiods. The protein is digested wHfa proteolytic eni^mies and a molecular weight 
fingerprint of the fiagments can be identified by Matrix Assisted Laser Desoipti n 
Ionization- Time of Flight (MALDI-TOF) spectxometiy and conq>ared wifli protein digest 
patterns of proteins available with protein data banks like Swiss Prot MALDI-TOF also 
gives die sequence information of small peptide fragments. The sequence identity of the 
peptide firagments after their separation by chromatography can be determined by 
electrospray spectrometry and Edman automated sequencing. 
Key steps of AMP technology: 

1. Extract proteins fiom normal and disease tissue 

2. Remove major structural proteins actin, histones) by affinity chromatography 

3 . Inject proteins, into mice, boost several times 

4. Extract lymphoid mRNA, reverse transcribe immunoglobulin heavy chain (Vh) and light 



chain 



domain (VO repertoires 



5. Display total Vh and Lh on M13 helper phage (or in bacteria or other hosts) 

6. Subject phage to conqpetitive deselection of dominant epitopes 

7. Pan phage library 1-3 times (in certain instances more) on innnobilized protein (or 
peptide firagments) used for immimization in order to enrich phage-expressing antibody to 
proteins present in target tissue (immunodominat epitope deselection). 

8. Expand each phage plaque in microtiter plates using automated phage picker. 

9. Array phage displaying different antibody microarrayed on glass or other chips using a 



fully-autonuted spotter 
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1 I 10. Bind fluorescent-labeled or tadioiabled proteins extracted from diseased tissue and 
noimal tissue to antibody microairay chip. Ihe proteins may have to be treated with 
5 I proteases to release large fragments and such fragments are separated by ccntrifiigation 
prior to labeling and binding to reduce non-specific binding to the amy due to chmiping 
10 I of proteins. Tlie chips are washed using a fiilly-automated chip washing machine 
11. Chip scanned using a fiilly-automated or manual snnnu^ 

15 I 12. Proteins that are differently expressed in diseased and noimal tissue are identified usm^ 

mcial software program. 



20 I 13. Proteins of interest are re-selected on a larger scale using the specific monoclonal 

antibody that recognizes the protein. 
25 j 14. Hie peptide sequence fingerprintmg of flie protein perftamed using MALDI-TOF 
using automated peptide sequencing marhiiT^t 
1 5. The proteins are analyzed using various protein and gene database (bioinfomatics) 

SPECIFIC EXAMPI .FR 



or 



30 



35 I Ezamirie 1: Ronoval of major structural and other proteiiis: 

Hie tissues or cells are solubUzed using a variety of published techniques (Methods in 

tissue is removed and cut into small pieces (2 mm) 
and washed widi iceswld PBS and then ground using a Dounce homogenizer or a Potter- 
45 I EJvejhem homogenizer or a Polytron homogenizer in presence of a detergent like 1% Triton 
X-lOO or 1% NP 40 or 2% CHAPS or other commonly used detergents. For sohiblizing 
50 I cultured cells, a sohibilizing agent called M-PER (Pierce Chemical Company, Rockford, 
IL)or similar reagents are used. 25 volumes of ice-cold M-PER reagent containing protease 
55 I inhibitors were added and ibt cells were homogenized using a Dounce homogenizer (20 
strokes). Hie homogenate is cemrifiiged at 100,000 g for 1 hour and the supernatant removed. 
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The solublized proteins present in the supernatant were used for further steps. In certain 
caseSt flie O^M sucrose was included (for brain tissue 0.32M). 

When serum samples were used, no solublization reagents or detergents were used. 
The saiiq>le was used directly for die next step. 

When only cytosolic proteins were used, the cells were lysed by either hypotonic 
shock in conjunction with Dounce homogenization in phosphate buffer, pH containing 
10 mM NaCl. The cytosolic fraction was separated from die rest of the cell fractions by 
centriiiiging at 100,000 g for Ih and recovering die supernatant 

All solubilization or extraction buffers contained O.IM PMSF, 0^ mM EDTA and 



O.SxnM benzanaidine and in some cases lOug/ml of Leupqstin and/or apt 



was also 



included to prevent proteol3rtic degradation (if die latter were added, diey have to removed by 
immunoafBnity chromatogrsqyhy prior to immuisization). The entire process was done 
between 0-4^C. The extracted proteins axe processed as immediately to prevent any 
proteolytic degradation or sn^frozen for later use. 



Preparation of immunoafSnitv cohmm : Immunoafimity resins to remove major 
structural and other major proteins were made as follows. Monoclonal or afBnity-purified 
polyclonal antibodies against the various major proteins aro commercially available. The 
antibodies are conjugated to NH-activated Sepharose (Amerfasam-Pharmacia) or similar 
supports according to the methods prescribed by the manu&cturer. The antibody 
concentration was maintained at approximately 1 mg/ml of matrix (Sepharose), although diis 
was not very critical. 

Several immunoaffinity matrix representing the various structural proteins were 
mixed according to their approximate proportion in the cells to make a mixed bed resin. 
Exanqiles of p rot eins that are removed include histone proteins, ribosomal proteins. 
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ents, albumin etc. The cohmms were equiUbnited with 



The protein fiaction was loaded onto these columns at a slow xate (one column 
V lume 20 min.) at 4**C and the fiactions that did not bind to ttie protein were collected and 
10 I used for iznmunization. The same mettod was also apphcd to make protein ftactions for 
screening, if one was not interested in studying the structural pioteios. When tiie profile of 
IS expression of structural proteins also needed to be studied, then Ihe antibodies against these 



proteins were also included in flie microairay. 



20 



Sometimes it is necessaiy to reduce fte complexity (number of different proteins in 



the 



>: 1 1 1 1 • 



25 



pie) prior to injection into mice. This can be acconoplished hy different 
ic or electrophoretic mediods or o&er commonly used methods of 

is constitutBd of digested peptide fragments, fliey are 
(5-SO) on a C-3 or C-18 or shnilaT reverse phase HPLC 



3Q separated into nmltq>le 



cohumL Whole proteins are separated on an anion exchange chromatographic column 
35 (Pharmacia Amexsham FPLC column) or a size exclusion chromatographic oohimn. 

However, any of die several metiods for firactionating proteins can be used alone or in 
^ j condnnation to separate flie proteins into various fractions prior to injecting into mice, if tfie 

antibody libraiy efficiency is not adequate in the absence of such fractionation. 
^5 I £zanq>le 2. Bloddng immunodominant epitopes by competitive deselection 

The protocol is a modification of a standard paiming protocol, except that the phage 
50 I '^t'l^ ^ preabsoibed on the antigen of interest to remove phage that react with the 



t epitope. The unbound phage are then incubated a second time with 



anti^n, and eluted and amplified as per normal protocols. 



1. Materials used 



1 . Antibody phage libruy ireshly amplified according to standard protocols (see Note 1 ). 
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1 1 2. O.IM (aibonate buffer pH 8.6: for 1 liter, dissolve 8.4 g of NaHCOs in water, adjust pH 

to 8.6, filter and store at 4X. 
5 I 3. PBS; PBS/0.5% Tween 20; PBS/1% bovine serum albumin (BSA); 2M Tris base. 

4. Ehition Buffer per 200 ml, add 1.6 ml of 12M HQ to water, adjust to pH 2.2 wifli solid 
10 I glycine. Autoclave and store at room temperature. 

5. VCS Ml 3 helper phage; Exoli strain XLl -Blue. 
IS I 6. Tetracycline stock: Smg/ml in e&anol; carbenicillin stock: SO mg/ml in water; kanamycin 

stock: lOmg/ml in water, store all antibiotic stocks at -20X. 
20 I 7. SqMfbroA medium (SB); SB witti tetracycline (10 (ig/ml final concentration); 

SB/carbenicillin (20 ^g/ml in low caibenicillin SB; SO ^g/ml in high caibenicillin SB); 
25 I LB agai/caib plates (100 ^g/ml carbenicillin). 

8. PEG/NaClJ^EG-8000 20% w/v; NaCl 2.SM, autoclave and store at room temperature. 



30 9. EUSA Plates (half area, hig|i 



ing: Costar Cat No.3690); Oak Ridge 
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centrifuge tubes (Sigma, Saint Louis, Missouri) or inununotubes 
2. Procedure 

1. Coat ELISA plates or immunotubes with fiie qipropriate amount of antigen in each well 
(see Note 2). Coat both tiie adsorption and panning plate at die same time. For the 
adsoiption plate coat at least 10 wells for each phage selection. For the first round of 
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ing coat 4 wells; for ttie following rounds coat 2 wells per phage selection. 
2. Incubate the sealed plate at 4*^0 overnight. 



50 I 3. Wash both plates 5 times wifli distilled water (lOO^l/well), then blot dxy on paper towel. 
Blodc botti plates with 1 SO ul/well of PBS/1 %BSA 2 hours at ST^'C Do not let the plates 



55 



dry out (see Note 4). 
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114. At tbe same time inoculate a single fresh colony of E.coli XLl-Blue into 15 ml SB + 
tetracycline in a SO ml tube. Grow at 37X in a rotatory shaker. Start the culture in time to 
5 I have bacteria ready for infection f step 9 (see Note 5). 

5. Remove flie block sohition from Ihe wells of the adsorption plate with a pipette and add 
lfi\ 20 ul (> lO'^ cfii) of fresh binary phage suspension to each of the ten wells. Phage is 

resttspended as in stq> 16. Seal ttie plate and incabate at 3TC for 2 h. 
15 I 6. Carefully and gendy remove IS ul of phage from each well of fhe adsorption plate and 
combine in a 0.5 ml microfiige tube and keq> on ice. Remove the blocking solution from 
20 I ^ panning plate and immediately add 50-70 ul of adsorbed phage to each well (25-35 fd 
in the first round of panning using 4 wells) Seal the plate and incubate fi>r an additional 2 
25 I hatBT^C 

7. Wash die wells or tubel OX widi PBS/D.5% Tween 20 (100^wel])» leave for 5 min dien 
3Q I discard washing sohitimu Use barrier tips to avoid contamination. 

8. Bute die phages bearing specific antibodies by adding 50 ul of elution buffer per well r 
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1-5 ml for die irmnuotube dqse 
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g on the size of die tube and incubating at room 
Bture for 3 mirL Remove the elution buffer into a microfiige tube and neutralize 
40 I immediatBly by adding 3 ul of 2M Tris per 50 ul of elution bufifer for die EUSA plates 

and 1 mil for immunotubes. 
4^ I 9. Add the ehited phage to 2 ml of exponential growdi phase Rcoli XLl Blue (density 
OD.600 = 0.6) and incubate in a rotatory shaker (230 rpm) for 1 5 min at 37°C. 
I 10. Add 10 ml of piewaimed SB (low carbenicillin and tetracycUne) to die 2 ml of infected 
cells. Plate 10, 1 and 0.1 ul of die infected cell suspension on LB/carb plates and incubate 
I overnight at 37*C. Calculate the iqyproximate number of eluted phages from die number 
of colonies. Incubate die remaining cell suspension for 1 h at 37**C in a shaker. 
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1 j 11. Add 100 ml of pre-wanned SB (high caibenicillin and tetracycline) and incubate for 1 h 
at 37*'C in a shaker. 

5 I 12. Add 10*^ pfii of helper phage VCSM13. Incubate at 37°C in a shaker for a further 2 h. 

13. Add kanamycin to a final concentration of 70 ug/nd, and incubate the culture ovemight at 
10 I 30®C in a shaker. 

14. Centrifuge ttie cultures at 2»000g at room tenq^eratuie in 50 ml tubes in a bench 
IS I centrifiige. Precipitate the phage fiom the resulting supernatant by adding 7 ml of PEG- 

/NaCl solution to 30 ml of supernatant in Oak Ridge tubes. Incubate on ice for 30 min. 
20 I 12- Centrifuge for 20' at 1 5,000g at 4*'C and discard the supernatant Let &e tubes dry upside 

down cm paper towel for 2-4 min. 
25 I 16. CarefiiUy resuspend the phage pellet in 1 ml PBS/1 %BSA per tube. Be careful to also 
lesuspend &e pellet tiiat usually forms on the wall of the tube. Transfer the suspension to 
2Q I ft microfiige tube. 

17. Mix the tube by inverting several times (do not vortex). Centrifuge at lO.OOOg in a 
32 I microfuge at 4^C for 1 S min flien transfer the supernatant into a clean Eppendorf tube. 

18. Use this phage suspension in subsequent rounds of panmng (see Notes 6 and 7). It is 
^ I advisable to use four wells in the first round of panning and two for the following rounds. . 

Phage suspension fiom round showing enrichment can also be used to infect cells for the 
^2 I production of soluble Fab (Burionietal. 1998). 
3. Notes on procedure 

50 The phage library or subsequently selected phage needs to be freshly amplified for each 
panning cycle. Altfiough phage molecules tiiemselves are very stable and can be stored 
55 I years at — 70®C without losing infectivity, displayed antibody molecules on the sur&ce 

are not stable. Panning of a stored phage preparation can yield unpredictable results. 
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1 I 2. As a general nile dilute the antigen at a concentration 5 times greater tiian that used in 
EUSA for detection of antibodies. If fiiis ELISA concentration is not known use 500 
5 I ng/well of antigen for panning, and 100 ng/well for FT .ISA. This concoitration is usually 
suitable for the isolation of antibody-beaiing phages. The volume in which the antigen is 
added can range from 25 to 50 uL Optimal conditions for binding including tenq>erature 



expeiimentally for each individual 
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of binding and coating buffer need to be del 
antigen. Most proteins bind well in PBS or in O.IM carbonate buffer. 
3. Chedc Hmt die washing conditions used in panning do not detach bound antigen from the 
sui&ce of flie plate. To exclude this possibility coat an ELISA plate with antigen, wash 

use tbs plate for an ELISA using a 
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using ttie same conditions used for panning, 
antibody known to react widi antigen. 

4. Proper blocking of die wells is crucial. The procedure has to be performed simultaneously 
for both the adsorption and r»™"^g plate. Do not let ttie wells dry out at any stage. 

5. Infection of bacteria is a critical step. It is important tiiat the optical density (OD) of the 
E.coli culture is approximatety that indicated (ie. esqponential growtfi) in order to obtain 
m a ximal infection. Do not dilute die bacterial culture to obtain die correct OD but 
schedule the time of inoculation of the culture app ropiiately. ^ 

6. Do not reuse die plates or immuotubes. Use a fresh plate for each round of panning, and a 
different one for adsorption each time. The best results are obtained using plates freshly 
coated with antigen. 

5Q I 7. It is a cmcial point to obtain a suitable phage preparation for performing this procedure. 
Low phage yield (<10'^cfu/xnl) usually does not allow a successful subtraction and 
I cloning. However it is obviously impossible to know die titer of a phage preparation at 
die starting point, as it would take at least one day to determine it and the phage has to be 
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used fiDBshly prepared. We usually rely on the evaluation of tlie growth of bacteria as seen 
before centrifugation. A poor bacterial growth prompts for a restart 

8. Subtraction is not as efficient as selection. For this reason it is necessaiy to use ten wells 
finr absoiptton. In case of over-representation of clones Ais number can be doubled, 
trying to keep to a minimmn tiie total volume of phage. It should be noted that the first 
panning round is cnxcial for successful selection. Number of wells can be increased as 
well as incubation time. Some antigens require incubation at 4^C ovemight, even if Has is 
rarely needed. In these cases subtract for 5 hours at 4^C using the same procedure. Do not 
incubate more than overnight 

9. It is not advisable to p e rfor m more ttian 3 rounds of paming. Afker ttiis point a domixumt 



(and often unwanted) clone wiH emerge. 
Example 3. Proteolysis of target prot^ to prevent aggregation: 

It is essential fliat any aggregates of target proteins or heteromeric protein-protein 
interactions are disrupted prior to binding to the microarray. Such interactions are difficult to 
break up hence we have devised a mettiod to overcome tiie problem. Presence of proteins that 
exist normally as dimmers or rrmltimers or proteins that are functionally muhimeric does not 



pose a problem widi Ae method. The target protein mixture is treated wi& a protease like 
stromoljfsm or Catepsin D, which has fewer proteolytic sites on proteins. Essentially, flie 
target proteins are incubated wifii 10 ug/ml of fte protease and incubated at 20-37^C for 30 
minutes in Tris*HCl or phosphate buffer (at the optimal pH of the protease) containing 150 
mM NaCl (to break up potential ionic interactions) The proteases release large fragments of 
flie proteins. The hydrophobic portions of fiie proteins usually tend to aggregate in aqueous 
media, while the hydrophilic pieces generally remain non-aggregated and free. Another 
mettiod for cleaving large proteins into fragments is through fiie use of CNBr according to 
published methods. The aggregated proteins are removed by passing them though a size 
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1 ejcchisicm columns. The breakthough finactions containing Ihe aggregated proteins ftagments 
are discarded, whfle die dispersed hydrophilic molecules are eluted and concentrated prior to 
5 use. Alternatively die peptide fraction is separated from die aggregated protein fraction by 
passing it ttrougfa an Amicon uttrafiltration devise with a molecular weight cut-off of 10,000- 
10 25,000 as described by flie manufecturer. The uhrafihrate is collected, concentrated by 
passing it through an anion exchange column at pH 8.0 and eluted by lowering die pH or 
15 I increasing tiie salt concentration. One could also use a variety of odier published mediods for 



cone 
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ig die peptides 
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centrifriged 



sediment the aggregated fragments. The supernatant is collected and concentrated by methods 
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above prior to conjugating widi a detection labeL 



Example 4: labeling of proteiiis and peptides: 



30 



of commercially available labeling reagents which includes fluorescent 



dyes, radiolabel or chemihiininescent label can be used for labeling proteins. In die preferred 
35 I embodiment, CyDye (Amerdiam Pharmacia Biotech, NJ, USA) is used as described by die 



cturer. In a nutshell, die protein or peptide sanqiles are incubated widi the mono> 
j reactive dye and die unreacted dye is removed. The dye reacts with die amino groups present 
in die protein or peptide. 
^5 I Example 5: Preparation of antibody microarrays: 

Micro arraying of antibodies or Fab fragmmts are done as follows, ^lage suspension 
I at an ^ipropriate concentration are used to infect E.Coli as described above m the procedure 
section. Infected cells are plated (after incubation) in LB/agar plates containmg penicillin and 
g J I tetracycline. Bacterial clones grownig in ampicillin are containing die antibody genes bearing 
phagemids. Bacterial colonies are picked using an automated picker and grown at ST^'C in 96 
well plates in SB (ampicillin-tetracycline). In the case of the use of antibodies for array 
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constmctioii, infected bacteria are of liis non suppressor strain and will produce soluble Fabs 
jn tiiis case after 5 hours of growfli IPTG at a concentration of ImM is added and cells are 
cultured for iiirflier 15 hours at 30°C._The plates are spun down and the supernatant removed 
using an automated liquid handling statioiL 50 ul aHquot of the supernatant {containing 
depending on the procedure phage or fiee phagemid, that can be converted to phage upon 
transibnnation and he^)er phage infection of host cells) is removed and stored at — 20°C as 
glycerol stock tot future use afier p roper ^ cataloguing it If the antibody or Fab fragments 
displayed <m the surfiace of 1be page has proteolytic cleavage sequences engineered on the 
flaking regions, die phage is treated (if needed) widi die proteolytic emyme to release die Fab 



fiai 



t or the antibodies. 



For antibody anav constmctioD die digest is passed over imznunoafimity column of 



mouse anti-Fab antibody or single chain antibody coupled to S^haayl. The columns are in 
tiie same 96-weI] plate fonnat for ease of use. Altemativefy, PiotBm-A-Sq>barciyl column 
can be used. The antibody or Fab fragment is eluted from the column and collected in tubes 
in tiie 96-weIl plate fomiat and stored in cold until aixayed on slides. The axrajring performed 
as soon as possible. 

When the bacteria is used for displaying the Fab fragments or antibody* the same 
procedure is used except fliat tiie colonies are grown overnight in LB in 96 well plates 
(Quiagen), a portion of the bacteria removed and stored as glycerol stock at — 90C and the 
remaining bacteria spun down using centriiuge with a 96-well plate adapter, tiie pellet 
washed two times in M8 salt solution and resuspended in die same solution and &e Fab 



fraj 



•4 • K-1 • 



Its or the 



\y excised with the proteases. After excision of the antibocfy, flie 



bacteria are spun down, tiie supernatant containing the antibody or Fab are removed and 
purified as above and stored in 4C. 
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One could also spot tiie phage directly on die xnicroaiiay. In this case, if the procedure 
is intended to create phage micioanays, bacterial cells are grown for 1 hour at Sl'^C and after 
tills step 5 111 of a suspension of helper phage (containing >10 pfu/ml) are added to the 
wells. After 2 hzs of incubation at ST^'C kanamidne is added to a final concentraion of 
70^g/mL Cells are grown for further 1 5 hrs at 30*»C. In this case flie supernatant is containing 
phage. 

Preparation of antibody microairav: Prior to spotting flie antibodies, an analytical test 
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is performed to determine the efficiency of die antibody library. This step is done prior to die 
harvesting of colonies described above. Typically sufficiently large number of phage clones 
(between 0^10 million) is suspended m PBS/BSA1% and ] 



against veiy low 



abundance proteins or peptides. Presence of 



ific clones is then 



by 



conventional mediods. These proteins and peptides are chosen based on their level of 
expression in the particular tissue or cell diat is used. Altematively, one could q>ike die 



tiliiiMll 



ization mixture used for immunizing the mouse with protein from a different source at 



a very low 



itration (e.g. 1 pan in 200,000 or 1 pait in million) and screened for the 
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presence of antibody against diis protein. 

Alternatively die screening is done by transferring die phage to nylon membranes and 
screening for the presence of the antibody using the respective antigens that are conjugated to 
horseradish peroxidase or alkaline phosphatase (Maniatis, 1991). The efficiency of die 
library is represented by die number of positive plaques in one million phage or bacterial 
clones. When microairying, care is taken to make sure that sufficient number of phage r 
bacteria are chosen that these low abundant proteins are represented 2-4 times in die Ubniry. 

Once the efficiency of the hlirary has been determined and die number of antibody. 
Fab, phage to be microarryed has been determined, die samples are processed as described 



above and diey are microarryed on an appropriate glass slide coated with a medium that binds 
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proteins efficiently like polystyrene. It is more efficient to use slides that are coated with 
agents tiiat form strong bonds with proteins. In the preferred embodiment, Versalinx slides 
(Prolinx, Bothell, WA) are used. Versalinx glass slides are coated with pheylyboronic acid 



and all non-specific protein binding sites are preblocked (an additional blocking with 0.1% 
BSA can be done after arraying, if needed). The antibody or Fab or phage is treated widi 
salicylhydroxamic acid (as described by die manufacturer) and dien spotted on the slides. The 
salicylhydoxamic acid moieties on die antibody specifically bind to the pheylboronic acid 
moiety Aeceby immobilizing tiie antibody. One could use any technique ftat immobilizes 
proteins on slides for the purpose of arraying. 

* 

Arraying of antibodies is performed using an automated microarray spotter similar to 
the one manufactured by Fhaimacia Amersham, (Piscataway, NJ). Replicates of die slides are 
made and stored at 4C until use. Usually 0.5-10 million antibody. Fab or phage particles are 



spotted depending on the 



of the antibody library as well as the abundance of fte 



proteins of interest in the library. Alternatively, die slide can be coated with anti-phage or 
anti-Fab antibodies, or with proteins able to bind to the light chain of the Fab. 

The fluorescent*tagged peptide firagments or protein fiom disease and normal tissue 
are incubated in separate identical slides in FBS buffer and incubated for 1-10 hours. The 
binding is done in an automated slide processor (Pharmacia Amersham) or similar 
equipment The slides are washed with PBS buffer, slides removed and scanned using a 
fluorescence scarmer (Pharmacia Amersham) or similar and die fluorescence acquired and 
analyzed using a Gen3DB software (Pharmacia Amersham) or similar software. Identical 
spots in diq)licate slides which has significant difference in binding of the protein or peptide 
as determined by die difference in intensity of die fluorescence are potential protein targets f 
interest and are furdier evaluated. 
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CLAIMS 

What is Claimed is: 

1. A method for detezmining Hie level of known and unknown proteins in a tissue or cell, 
comprising: extracting the proteins from the taiget tissue or cell and using tfie proteins to 
generate an immune response in an appropriate animal host; cloning the antibody Fab 
fragment or the Vh and Vl chains or larger fiagments of die antibody in phage such diat 
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die antibody is displayed on the surface; selecting die 

antigens by bmited panning; isolating individual clones of phage; e:q>anding the clones 
and spotting ttiem on micnaiiays in su£5cient number so tbat all or most the antibodies 
against fbe various proteins are repieseuted in Use micioainy; allowing labeled ptoleiu 
from &e target tissue or cell to bind to die antibodies on the microairay; and m oni toring 
die level of die protein by sca nn i ng in a fluorescence reader machine, or a radioactive 
counter, or himinometer depending on die label, 

2. The mediod of Claim 1 wherein die host is selected from the group consisting of: 

a) a transgenic animal that carry human V genes or oflier human irrrniuiioglobulin 
conqKments so as to produce largerly human type antibodies; and 

b) a mammal. 

3. The mediod of Claim 1 for use to compare die level of ejqnession of proteins between a 
diseased and normal tissue or cell. 

4. The method of claim 1 wherein die antibody is selected &om a library of phage 
expressing an antibody and displaying a random sequence representing die variable 
sequences by the mediod of in-vitro selection. 

5. The method of Claim 1 wherein monoclonal antibody fragments against non- 
immunodominant antigenic determinants that are contained in the library phage display 
immunoselection have been obtained once die library of antibodies is first preabsorbed on 
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1 I flie antigen of interest to remove antibody that react wift flie immunodominant epitopes 

and the mibomid phage is ften panned again with the same antigen. 
5 6. The method of claim 1 wherein monoclonal antibody fragments against non 



ilnM>MltT*H)tl»tl 



ant proteins are obtained from tiie libiaiy by panning against antigen(s) of 



10 



interest after preabsoxbing the libiary wifb immunod 



it proteins contained in cells 



lysate. 



15 7. The met 



OUT* 



of 



1 wherein monoclonal andbocfy specific for proteins of diseased 



cells are obtained from the library by panning against disots^ cells lysate after 
20 I preabsorbing the library with proteins from healfliy (related or unrelated) cells or with 



ilar cells lacking protein(s) when compared to the target cell. 
25 I 8. The mediod of Claim 1 whmin die phage library bears antibody fragments from hiitwan ^ 
infected wift padiogens or have autoimmime di 



3Q 9. The mefliod of Claim 1 wherein proteins in abundance in cells* stractural proteins and 



Miit)tiii<:t [tji nil 



inant proteins are removed by the me&od of immunoafiSnity 
2^ I chromatogrqihy. 

10. The mettiod of Claim 1 wherein the extracted proteins from target tissue or cells are 
J treated wifli proteases or CNBr so as to release fragments which do not aggregate or 

interact with each ofter, the aggregated fragments removed by methods including, but not 
I limited to size^exclusion chromatognphy, ion-exchange chromalogrqihy, 
ultracentrifugadon and the non-aggregated peptides are further used for screening 
I microarrays. 

11. The method of Claim 1 or 10 wherein the protein or peptides are conjugated to biotin, 
I incubation widi streptavidin that is conjugated vdHh horse radish peroxidase or alkaline 

phosphatase or similar enzymes and detecting the presence of the peptide by incubation 
with the respective substrates for the enzymes. 



36 



a238l2QA1_l_> 



PCT/lJS..I/4r.753 

1 J 12. Hie method of Claim 1 or 8 Mdioein tiie protein or peptides are conjugated with 
digoKigenin, incubation wift an antibody against digoxigenin that is conjugated with 
horse radish peroxidase or alkaline phosphatase or similar en^ones and detecting tiie 
presence f file peptide by incubation with tiie respective substrates for the enzymes. 
10 I 13. The mefliod of Claim 1 wherein flie vector is a phagemid, plasmid. lambda, filamentous 
phage, bacteria, yeast or otter unicellular organisms. 
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Fig. 9. 
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